Primary breast lymphoma has been defined as localized involvement of one or both breasts with or without ipsilateral axillary nodal involvement, usually as a rare manifestation of extranodal non-Hodgkin's lymphoma. We describe three cases of this uncommon disease seen at our institution. Two of these cases presented as palpable breast lumps and one was screening detected. None of the patients had a prior history of lymphoma; only one reported B symptoms night sweats and weight loss. Diagnosis was established on ultrasound-guided core biopsy and no evidence of metastatic disease was identified. Even though the imaging features are not specific to this diagnosis, the radiologists should be aware of the clinical and imaging presentation of this rare malignancy to recommend appropriate management and establish radiologic-pathologic concordance.
Introduction
Primary breast lymphoma (PBL) is a rare presentation of nonHodgkin's lymphoma (NHL), with mostly case reports and small case series reported in the literature. It usually presents as a clinically palpable mass and is rarely screening detected. Although the imaging characteristics are not specific, they may sometimes mimic benign masses. Diagnosis can usually be established with a percutaneous needle biopsy. Unlike primary breast carcinoma, surgery is not the key treatment for PBL. Treatment is mainly confined to combination of chemotherapy and radiation therapy. We present three cases of PBL from our institution with discussion about their imaging features and management. * Corresponding author. E-mail addresses: awadhwa@mcw.edu (A. Wadhwa), kathysenebouttarath@gmail.com (K. Senebouttarath).
Case 1
A 63-year-old female with past medical history of ovarian cancer in 1986 and history of low-grade B-cell NHL involving the right breast 4 years ago treated with excision and radiation therapy. Patient presented with a rapidly growing palpable left breast mass and also reported recent night sweats and weight loss. Mammogram was performed and demonstrated increased asymmetric density within the left subareolar region ( Fig. 1 ) . Targeted ultrasound (US) was performed demonstrating a 5 × 4 × 3 cm solid oval mass with mixed echogenicity in the left breast at 2 o'clock corresponding to the palpable finding ( Fig. 2 A) . Increased vascularity was identified ( Fig. 2 B) . No abnormal or enlarged left axillary nodes were seen on US. US-guided left breast biopsy was performed and demonstrated large B-cell lymphoma. Positron emission tomography (PET)-computed tomography (CT) done few weeks later showed that the mass had increased to 7 cm size and showed intense increased metabolic activity, with maximum standardized uptake value (SUV) of 38 ( Fig. 3 ) . Mild activity was seen in left subpectoral and axillary nodes. No other evidence of metastatic disease was seen on PET-CT and other staging workup.
Patient subsequently underwent chemotherapy (R-CHOP ×2). Additionally, consolidative radiation therapy to the left breast to 50 Gy in 25 fractions as well as the regional lymphatics to 46 Gy in 23 fractions was given. Follow-up PET-CT after treatment showed complete resolution of left breast and axillary mass and uptake ( Fig. 4 ) . The patient has since been in remission about 4 years postcompletion of her treatment.
Case 2
A 56-year-old female with past medical history of diabetes mellitus, hypertension, and hypercholesterolemia presented with a palpable right-sided breast mass and fatigue. No history of fever, night sweats, or chills. Mammogram was performed and identified a 3.0 cm mass in the right breast at 10 o'clock, corresponding to the palpable finding ( Fig. 5 ) . Targeted US confirmed a 4.3 × 2.0 × 0.9 cm solid hypoechoic mass ( Fig. 6 ). Patient underwent an US-guided needle biopsy, which revealed diffuse large B-cell lymphoma (DLBCL). PET-CT demonstrated a 1.7 cm right breast mass with mild uptake and maximum SUV of 2.0, without uptake in the axillary nodes or elsewhere to suggest metastatic disease ( Fig. 7 ) . Bone marrow biopsy was negative.
Patient underwent chemotherapy (R-CHOP × six cycles) and consolidative radiation therapy to the right breast to a total dose of 48 Gy delivered in 24 fractions and 46 Gy in 23 fractions to the regional lymph nodes. Follow-up PET showed no evidence of malignancy. The patient is now 5 years out from treatment completion, without any clinical or mammographic evidence of disease recurrence.
Case 3
A 79-year-old female was found to have increasing focal asymmetries in the upper outer right breast on her screening mammogram ( Fig. 8 ). Patient had a benign biopsy in this area 3 years ago which showed "Benign intramammary node." No corresponding sonographic abnormality was seen and breast magnetic resonance (MR) was recommended. The breast magnetic resonance was interpreted as normal with no corresponding abnormal enhancement in the upper outer right breast ( Fig. 9 ) . The right breast findings were followed for another year, when a diagnostic mammogram revealed further increase in the size and number of these focal asymmetries ( Fig. 10 ) . Repeat US evaluation demonstrated multiple small hypoechoic superficial masses in the upper outer right breast ( Fig. 11 ) . US-guided biopsy showed "Extranodal marginal zone lymphoma." PET-CT showed no evidence of lymphadenopathy or lymphoma in the right axilla or elsewhere in the body. The patient had no clinical symptoms pertinent to lymphoma and complete blood count was normal. Treatment with single agent "Rituximab" was recommended; however, patient elected only observation given low volume of her disease. In the 16 months of follow-up after her diagnosis, her disease has been stable in the right breast with no evidence of other organ involvement or lymphadenopathy. 
Discussion
Although lymphomas are one of the most common hematologic malignancies, breast involvement with lymphoma is very rare. This occurs mostly in the secondary form as part of and Liao in 1972 and include: (a) both mammary tissue and lymphomatous infiltrate present in close association in an adequate pathologic specimen; (b) no evidence of widespread lymphoma by standard staging techniques or preceding extra mammary lymphoma, except for ipsilateral axillary node involvement, if diagnosed simultaneously with the breast lymphoma [6] . Non-Hodgkin's DLBCL is the most common histology for PBL, followed by follicular and mucosal-associated lymphoid tissue lymphomas [7, 8] . Breast involvement with Hodgkin's disease or T-cell tumor is rare.
The clinical presentation of breast lymphoma is usually a single or sometimes multiple painless palpable lumps, which may be bilateral. Nipple or skin retraction, or nipple discharge is rarely seen. The usual B symptoms seen with lymphomas like fever, weight loss, and night sweats are very rare with PBL. It may sometimes present as diffuse breast enlargement and edema and may mimic an inflammatory process. It almost always occurs in females, with the fifth and sixth decades being the most common presenting age. Many studies have reported right breast predominance [7, 8] .
The imaging findings of breast lymphoma are nonspecific and may resemble any other breast malignancy or sometimes may have a more benign appearance. The most common mammographic abnormality is a solitary noncalcified breast mass with circumscribed or indistinct margins [9] [10] [11] . Calcifications, architectural distortion, nipple retraction, or spiculations are usually not seen in association with this malignancy. Global asymmetry may also be a mammographic presentation of PBL, seen in one-third of the patients in the study by Sabate et al., and usually associated with high-grade lymphomas [1] . In one of the largest series by Liberman et al. of 32 cases of NHL in 29 women (66% classified as PBL), the most common mammographic finding was a solitary noncalcified mass (69%). Multiple masses were seen in 9% cases, diffuse increased opacity with skin thickening in 9%, and no mammographic abnormality was seen in 13% cases [12] . Multiple masses are more common with secondary breast lymphoma (SBL), compared to primary.
On US a hypoechoic solid oval or round mass with circumscribed or indistinct margins is the most common appearance. Hyperechogenicity, mixed echo pattern, or pseudocystic appearance has also been described in the literature. Posterior acoustic enhancement is present in 52-75% of the masses and hypervascularity is seen in 55-64% [9 -12] . Surov et al. found no significant differences in the mammographic or US imaging characteristics between PBL and SBL masses. PBL masses were usually larger at presentation and SBL masses were greater in number in their study [11] .
There are no large case reviews on the magnetic resonance imaging of breast lymphoma. The few cases reported in the literature described most masses as being T1 isointense and T2 hyperintense with marked inhomogeneous contrast enhancement, with type 2 kinetics being the most common [13, 14] . PET-CT is a valuable tool in the staging and follow-up of lymphoma patients. It may show involvement of axillary nodes or other extranodal disease in breast lymphoma. In the series by Yang et al., 92% of breast lymphomas demonstrated avid homogeneous fluorodeoxyglucose uptake at PET-CT with a mean maximum SUV of 10.6. Some other case reports have described ring-like uptake or diffuse avid PET uptake in the affected breast [15, 16] . PET is also very useful in evaluating response to treatment.
There are no current established guidelines for the treatment of PBL. Treatment may involve combination of surgery, chemotherapy, and radiation therapy. Radical mastectomy has been described in the older literature as part of the treatment but subsequent studies showed it offers no benefit, and may actually delay the start of chemotherapy. Chemoimmunotherapy with consolidation radiation therapy is now considered the mainstay in the treatment of PBL. CHOP or CHOP-like anthracycline-based chemotherapy combined with rituximab is now considered the standard treatment for most DLBCL breast lymphomas [17, 18] . This may be followed with radiation to the ipsilateral breast and regional nodes. In the study by Avilés et al. the 10 year overall survival in patients treated with either radiation or chemotherapy alone was 50% vs 76% in those who received combination of radiation and chemotherapy. PBL is an aggressive tumor with high relapse rates, mainly involving extranodal sites. Studies have shown high central nervous system relapse rates in up to 20% patients resulting in poor overall survival rates, and recommend adding central nervous system prophylaxis to systemic treatment in PBL [19] [20] [21] .
PBL is a distinct and rare clinicopathologic entity. It does not have distinctive imaging findings, but should be considered in the differential diagnosis of a mass lacking spiculations, architectural distortion, or microcalcifications. The primary treatment does not involve surgery but a combination of chemotherapy and radiation.
